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ABSTRACT 
Two broiler chick and one laying hen experiments were conducted to determine 
the effects of feeding high concentrations of cholecalciferol (D3), phytase (PHY) or the 
combination on the respective bird group (broiler chick or laying hen) fed various 
concentrations of nonphytate phosphorus (nPP) on performance, tibia ash and total tract 
phosphorus retention. The first broiler experiment utilized a completely randomized 
design with a 5 x 3 factorial arrangement of treatments consisting of five dietary 
concentrations of nPP (0.20, 0.26, 0.33, 0.39 and 0.45%) and three of D3 (0, 7,500 and 
15,000 IU/kg) fed from day 5 to 23. The second broiler experiment was arranged as a 4 x 
2 x 2 factorial in a completely randomized design resulting in four dietary concentrations 
of nPP (0.15, 0.25, 0.35 and 0.45%), two of PHY (0 and 1,000 FTU/kg), and two of D3 (0 
and 7,500 IU/kg) fed from day 4 to 18. Ross 308 broiler chicks were housed in battery 
cages in an environmentally controlled room with ad libitum access to feed and water. 
Body weight gain (BWG) and feed efficiency (FE) were calculated over the duration of 
the each broiler experiment. Tibia and excreta samples were collected at the end of each 
experiment to determine bone ash, expressed as total ash weight (AshW) and as a 
percentage of total tibia weight (AshP), and total tract phosphorus retention (TTPR).  
In experiment one, a main effect of nPP resulted in significant (P ≤ 0.05) 
increases in BWG, AshW, and AshP. There were significant D3 x nPP interactions (P ≤ 
0.05) for FE and TTPR. Supplementation of D3 improved FE up to 0.39% dietary nPP, 
while FE peaked at 0.26% dietary nPP and remained constant for the non-supplemented 
diets. A quadratic effect was observed in TTPR with supplemental D3 (at both levels), 
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while inconsistent results in TTPR were noted for the non-supplemental diets. The results 
of experiment one suggest that although D3 increased the TTPR, this increased P 
retention had little effect on bird performance. In experiment two, there were main effects 
of PHY and nPP that resulted in significant (P ≤ 0.05) increases in BWG and FE. A 
significant (P ≤ 0.05) PHY x nPP interaction was observed in both AshW and AshP. As 
expected, PHY was more efficient in improving tibia ash at lower concentrations of nPP 
than with higher concentrations of nPP. A significant (P ≤ 0.05) three-way interaction 
among D3 x nPP x PHY occurred in TTPR due to a low P retention value of chicks fed 
the non-supplemented 0.45% dietary nPP. The addition of higher concentrations of D3 to 
boiler diets was able to effectively improve phosphorus retention in experiment one, but 
did not affect the performance of chicks in either. As expected, phytase supplementation 
had a positive effect on performance of chicks fed low nPP diets.  
A laying hen experiment was conducted to investigate the effects of feeding high 
concentrations of D3 and PHY to 240 42-week-old Hy-line W-36 laying hens fed no 
supplemental inorganic P on bird performance (egg production, feed intake, and hen 
weight), egg shell quality, tibia ash and TTPR. The experiment consisted of five dietary 
treatments arranged in a randomized complete block design and was conducted over a 12 
week period. Treatments consisted of a positive control diet formulated to contain 0.46% 
nPP, a negative control diet formulated to contain 0.12% nPP, the negative control diet 
supplemented with 300 FTU/kg of PHY, 7,500 IU/kg of D3 or the combination of both 
PHY and D3. Hens were housed in high rise single tier cages in an environmentally 
controlled room with ad libitum access to feed and water. Egg production (EP), feed 
xi 
 
 
intake (FI), hen weight (HW), dry shell weight (DSW), shell thickness (ST), specific 
gravity (SG) were determined over the duration of the experiment. Tibia and excreta 
samples were collected at the end of the experiment to determine tibia ash, expressed as 
AshW and AshP, and TTPR.  
There was a significant (P < 0.01) treatment effect for FI and HW, while a 
significant (P < 0.02) treatment effect was observed over time for HW. Hens fed the 
positive control diet consumed 4 g more of feed per day than those fed the negative 
control, supplemental PHY or D3 diets, and 8 g more of feed per day than those fed the 
combination diet. Hens fed the positive control diet were overall significantly (P ≤ 0.05) 
heavier than those fed the supplemented PHY, D3 or the combination diets. Hens fed the 
negative control diet supplemented with D3 or the combination weighed less than those 
fed the positive control diet during the last six weeks of the experiment. A significant (P 
< 0.0001) treatment effect was also seen in TTPR. The diet supplemented with D3 and the 
diet with both D3 and PHY supplementation had very low phosphorus retention when 
compared to the other three diets. Significant treatment effects were not observed for all 
other parameters tested (EP, ST, DSW, SG, AshW, and AshP). Analysis of total 
phosphorus concentration of the diets noted total phosphorus concentrations were 
elevated than the formulated values. This might explain the lack of significant treatment 
effects on performance, egg quality, tibia ash and why phosphorus retention had a lower 
than expected value. The results from these experiments suggest that higher 
concentrations of dietary D3 may not be a suitable substitute for supplementation of 
inorganic phosphorus. 
xii 
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CHAPTER 1. GENERAL INTRODUCTION 
Cholecalciferol/vitamin D3 (D3) is a fat soluble vitamin required for calcium and 
phosphorus utilization of the body (Combs, 1998). Over the last 15 years, the 
recommended daily allowance for this vitamin in humans has increased from 200 IU/day 
to 600 IU/day (Institute of Medicine, 2010). One reason for this increase is that 
populations in the northern countries are not able to naturally produce their recommended 
D3 amount, because they are exposed to a severely less ultraviolet light (UV) from the 
sun than those located in countries near/on the equator (Mattila et al., 2004; Mattila et al., 
1999; Combs, 1998). Another explanation is that many people are staying inside more 
often due to increased use of technology. Also, due to the risk of skin cancer, many 
people have chosen to cover up or use sunscreen which prevents the absorption of UV 
light needed for natural D3 production.  
Many studies have been conducted on deficiencies of D3 (rickets, osteoporosis 
and osteomalacia) and have shown how important this vitamin is for bone development 
and retention in the youth and elderly (Combs, 1998). Recent studies have also linked 
adequate D3 supplementation with anti-cancer effects in the body (Combs, 1998). 
Research based on animal work has noted high supplementation of 1,25-
dihydroxycholecalciferol can reduce the growth of and induce apoptosis of cancer cells in 
the mammary tissue (Welsh, 2004), while other research suggested deficiency of D3 
increases the risk of colon cancer, cardiovascular disease and multiple sclerosis (Holick, 
2004). Other work documented cancer incidences occur less frequently when adequate to 
high supplementation of D3 and calcium were provided to menopausal women (Lappe et 
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al., 2007). These reasons and research studies are only a few yet they begin to explain 
why the increase in the daily recommended D3 allowance was needed and the benefits 
that can come from it. 
Many food sources such as milk, eggs, and meats contain high concentrations of 
D3 (Combs, 1998). A 2010 study conducted by the United States Department of 
Agriculture noted increased D3 concentrations in the egg, which resulted in a new 
estimate of D3/egg in a standard large grade A egg. This finding suggested one standard 
large grade A egg supplies 10% of the total recommended daily allowance of D3, thus 
eggs are an excellent source of D3 (Combs, 1998). The proposed mechanism to this 
increased egg D3 concentration results from increased supplementation of D3 to the 
laying hen which is transferred to the egg yolk (Mattila et al., 2004; Mattila et al., 1999, 
Chiang et al., 1997), yet other benefits from high D3 supplementation have been noted.  
High supplementation of D3 increased phosphorus absorption, retention and 
utilization (Rama Rao et al., 2009, Edwards, 2002); bone ash (Rama Rao et al., 2009; 
Rama Rao et al., 2006; Atencio et al., 2005; Edwards, 2002; Frost and Roland, 1990); 
egg quality (Frost and Roland, 1990) and bird performance (Rama Rao et al., 2009; Rama 
Rao et al., 2006; Atencio et al., 2005; Edwards, 2002; Frost and Roland, 1990) in 
chickens (fed both inadequate or adequate nonphytate phosphorus diets), allowing 
producers to supplement less inorganic phosphorus sources, which resulted in cost 
savings and improvement on the environmental impact (Rama Rao et al., 2009; Rama 
Rao et al., 2006; Angel et al., 2005). 
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The hypothesis for this thesis, based on previous work, was the supplementation 
of high concentrations of cholecalciferol will increase phosphorus absorption from the 
gastro-intestinal tract, thereby increasing phosphorus utilization in the body.  This 
increase in phosphorus utilization will provide another tool for commercial producers to 
minimize environmental impact of egg production. 
The objective of the thesis was to determine the effects of feeding high 
concentrations of cholecalciferol, phytase or the combination on broiler chicks or laying 
hens fed various concentrations of nonphytate phosphorus on bird performance, tibia ash 
and total tract phosphorus retention.  
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CHAPTER 2. LITERATURE REVIEW 
Introduction 
Vitamin D3 
 Cholecalciferol/vitamin D3 (D3) is a fat soluble vitamin required for enzymatic 
processes in the body (Combs, 1998). Cholecalciferol is synthesized in the skin by the 
conversion of 7-dehyrocholesterol (provitamin) to pre-vitamin D3 to D3 via thermo 
equilibrium upon radiation of ultraviolet light (Papešova et al., 2008; Mattila et al., 2004; 
Bar et al., 2003; Mattila et al., 1999; Combs, 1998; Frost and Roland, 1990).  
Cholecalciferol is required by the body for absorption, transport and utilization of 
calcium (Ca) and phosphorus (P); maintenance of Ca and P homeostasis (Combs, 1998); 
reabsorption of Ca and P into the bone (Frost and Roland, 1990); and bone formation 
during development and early life (Mattila et al., 2003).  
Cholecalciferol can be created in the body or absorbed in the small intestine from 
products high in D3, such as meats and fish, fortified dairy products and eggs. Vitamin 
D2/ergocalciferol is found in plant sources like mushrooms and molds, which cannot be 
synthesized in the body, but can be utilized in a species dependent manner. Absorption of 
dietary D3 occurs by way of micelle solubilization and diffusion through the ileum, 
embedding into lipoproteins (chylomicrons), and attaching to the vitamin D-binding 
protein (DBP) in plasma to carry D3 to the liver, where D3 is converted into its active 
metabolites. Cholecalciferol produced in the skin also binds to DBP and is carried to the 
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liver to undergo the same process. Storage of D3 occurs in the form of lipids in many 
tissues of the body, most notably the adipose tissue (Combs, 1998).  
Vitamin D metabolites 
 Cholecalciferol is hydroxylated into two metabolites that are utilized in the body, 
calcidiol/25-hydroxycholecalciferol (25-OH-D3) and calcitroil/1,25-
dihydroxycholecalciferol (1,25-(OH)2-D3) (Combs, 1998).  
 
 Figure 2.1. Vitamin D3 metabolism in the body.     Adapted from Brown et al. (1999). 
Figure 2.1 shows the metabolism of D3. 25-hydroxycholecalciferol is produced from D3 
by 25-hydroxylase in the liver (Bar et al., 2003), while 1,25-(OH)2-D3 is synthesized 
from 25-OH-D3 by 25-hydroxycholecalciferol-1-hydroxylase in the kidneys (Bar et al., 
2003; Gary et al., 1972). 25-hydroxycholecalciferol is the key circulating metabolite; 
therefore it is used as an indicator of D3 status of the body (Bar et al., 2003; Gary et al., 
8 
 
 
1972). 25-hydroxycholecalciferol, compared to D3, is inexpensive and more quickly 
absorbed into the body to have a further effect on enzymatic processes (Bar et al., 2003; 
Keshavarz, 2003; Gary et al., 1972). 1,25-dihydroxycholecalciferol acts on the body to 
allow for Ca and P absorption from the gastro-intestinal (GI) tract (Papešova et al., 2008; 
Edwards, 2002; Tsang and Grunder, 1993), resulting in increased Ca and P utilization 
(Gary et al., 1972; Holick et al., 1971) and greater calcification of the bones (Papešova et 
al., 2008; Gary et al., 1972). 
Value added egg 
  In 2010, the Institute of Medicine increased the recommended daily allowance of 
D3 for humans from 400 IU/day to 600 IU/day. For the public to acquire this 
recommended level, the egg industry had the idea of producing a value added egg by 
producing an egg with higher concentrations of D3 through high dietary D3 
supplementation to laying hens. Many experiments have been conducted in recent years 
that implemented this idea. Mattila et al. (1999) found feeding hens an increased 6,000 
IU/kg of D3 resulted in a 7 fold increase in D3 concentration of the egg. Mattila et al. 
(2004) confirmed this idea by supplementing hens with increased D3 concentrations 
(2,500 to 15,000 IU/kg) and found the D3 concentration in the egg was 2 to 3 times 
greater. These results agree with Chiang et al. (1997) whose findings also support the 
general idea that more D3 can be found in the egg yolk when hens are supplemented with 
high concentrations of D3.  
In 2010, the United States Department of Agriculture determined that there is 41 
IU of D3 per egg in a standard grade A large egg. This finding suggested a standard grade 
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A large egg provides 10% of the recommended daily allowance of D3, making eggs a 
great source of D3 (Combs, 1998). Eggs that contain higher D3 concentrations would 
allow for another alternative product that the public could use to obtain the required daily 
intake of D3.  
Phosphorus utilization of the chicken 
 Cholecalciferol increases P absorption by upregulating mRNA expression of the 
type IIb sodium-coupled phosphate cotransporter, the main mechanism for P absorption 
(Han et al., 2009; Combs, 1998). The mechanism for the increased P absorption is as 
follows (Combs, 1998):  
1) The receptor-ligand complex (1,25-(OH)2-D3-vitamin D receptor) forms in the 
nucleus of the cell and undergoes a conformational change, increasing its affinity 
for DNA. 
2) The receptor-ligand complex binds to the vitamin D-responsive elements (DNA 
sequences consisting of non-perfect direct repeats of six-base pair half-elements) 
with assistance of retinoid X receptors, forming a heterodimer. 
3) This binding increases the transcription and translation of the sodium- coupled 
phosphorus transporter, which allows for more absorption of P from the GI tract. 
Phytate is a compound that has a direct impact on the availability of P to the bird, as it 
binds approximately 60% of P in grain and oil seeds which is troublesome to 
monogastrics because of the low phytase (PHY) activity in the GI tract (Waldroup et al., 
2000; Carlos and Edwards, 1998; NRC, 1994). Phytase supplementation, on the contrary, 
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allows for increased P bioavailability through the hydrolysis of phytate (Bilal et al., 2010; 
Angel et al., 2005; Qian et al., 1997; Mitchell and Edwards, 1996).  
 There is controversy over nonphytate phosphorus (nPP) requirements for poultry.  
The NRC (1994) recommends 0.45% and 0.25% of nPP for broiler and layer diets, 
respectfully, yet many argue that these levels are far too high for maximum performance 
(Angel et al., 2005; Waldroup et al., 2000). To meet the NRC requirements of dietary 
nPP, many supplement an inorganic P source, such as dicalcium phosphate or rock 
phosphate, which is expensive and results in greater excretion of the P that can lead to 
increase run off into waterways and possible incidence of eutrophication (Ramo Rao et 
al., 2009; Ramo Rao et al., 2008; Ramo Rao et al., 2006; Angel et al., 2005; Waldroup et 
al., 2000; Carlos and Edwards, 1998; Mitchell and Edwards, 1996).  
Recent experiments noted supplementation of PHY and D3 increased P retention, 
which resulted in reduced P excretion and increased cost savings due to the decreased 
application of inorganic P sources (Han et al., 2009; Rama Rao et al., 2009; Edwards, 
2002; Biehl and Baker, 1997; Qian et al., 1997; Mitchell and Edwards, 1996; Edwards, 
1993).  
A review of vitamin D3 and its metabolites effects on the broiler and layer 
performance are discussed herein.  
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Cholecalciferol effects on broilers 
Vitamin D3 effects on performance variables of broilers 
 The main goal of the broiler industry is to produce birds at maximum 
performance by least cost means while having minimal mineral loss (Ramo Rao et al., 
2009; Rama Rao et al., 2006; Angel et al., 2005; Waldroup et al., 2000; Mitchell and 
Edwards, 1996). The current NRC (1994) recommended concentration of dietary nPP and 
D3 for broilers is 0.45% and 200 IU/kg, respectively. Chickens are unique in that their 
DBP has a strong affinity for D3 rather than D2, thus supplementation of D3 to birds 
results in better performance than those supplemented with D2 (Mattila et al., 2004; 
Combs, 1998), which explains the requirement for D3 rather than D2. Since D3 has been 
shown to increase P utilization, many studies have been conducted to determine the toxic 
level of D3.  
Baker et al. (1998) noted no toxic response when chicks were fed 50,000 IU/kg of 
D3 with 0.10 or 0.45% dietary nPP from day 8 to 20, concluding that broilers are able to 
adapt to high levels of D3 supplementation without negative effects. Similar results were 
also noted in Qian et al. (1997), who found no toxic response in chicks when  fed 264,000 
IU/kg (20 fold over the recommended amount) of D3 with 0.27% dietary nPP from day 1 
to 21. As previously discussed, D3 is needed for Ca and P absorption and utilization in the 
body, therefore if more D3 is available then there would be, in theory, an increase in Ca 
and P absorption and greater maintenance of Ca and P homeostasis (Papešova et al., 
2008; Combs, 1998).  
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The effect of D3 on body weight gain (BWG) has been extensively studied and 
results showed improvement in BWG of broilers when birds were supplemented with 
high concentrations of D3 (Rama Rao et al., 2009; Rama Rao et al., 2006; Whitehead et 
al., 2004). Nawaz et al. (2008) found chicks fed diets of adequate nPP with D3 
supplementation at 200, 1,000, 2,000 and 3,000 IU/kg significantly (P ≤ 0.05) improved 
BWG from 1,706 g to 1,866 g over the 42 day production period. These results were 
similar to Baker et al. (1998), who found chicks fed diets of 0.10 or 0.45% nPP with D3 
supplementation ranging from 0 to 50,000 IU/kg significantly (P < 0.01) improved BWG 
from day 8 to 20. Atencio et al. (2005) noted an improvement in BWG of chicks when 
fed an adequate dietary nPP with both maternal and direct supplementation of D3.  
Feed intake (FI) and feed efficiency (FE) are also affected positively with D3 
supplementation (Rama Rao et al., 2009; Rama Rao et al., 2006; Biehl and Baker, 1997). 
Baker et al. (1998) found FI of chicks (day 8 to 20) significantly (P < 0.01) increased by 
70 g and 40 g when fed diets supplemented with 50,000 IU/kg of D3 with nPP 
concentrations of 0.10 or 0.45%, respectfully. Nawaz et al. (2008) noted a significant (P 
≤ 0.05) improvement in FI and FE when chicks were fed an adequate nPP diet with 3,000 
IU/kg of D3 from day 1 to 42. This finding is also in agreement with Atencio et al. 
(2005), who demonstrated significant (P ≤ 0.05) improvements in FI and FE when chicks 
were fed 3,200 IU/kg of D3 with adequate dietary nPP from day 1 to 16. Edwards (2002) 
also found a significant (P < 0.01) 0.05 g/g improvement of FE by feeding 8,800 IU/kg of 
D3 with 0.30% dietary nPP to chicks from day 1 to 16.   
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By increasing Ca and P utilization, D3 has beneficial effects on tibia weight and 
ash percentage (Rama Rao et al., 2009; Ramo Rao et al., 2006; Whitehead et al., 2004). 
Nawaz et al. (2008) found tibia ash significantly (P ≤ 0.05) increased by 8% when chicks 
were fed 3,000 IU/kg of D3 with 0.45% dietary nPP during the 42 day production period, 
while Edwards (2002) found a significant (P < 0.01) 5% increase in tibia ash when chicks 
were fed 8,800 IU/kg of D3 with 0.30% dietary nPP from day 1 to 16. These results are in 
agreement with Baker et al. (1998), who was able to significantly (P < 0.01) increase tibia 
weight and ash percentage by 150 mg and 13%, respectfully, by feeding 50,000 IU/kg of 
D3 with 0.10% dietary nPP to chicks from day 8 to 20; similar results were also noted 
when the same level of D3 was fed with adequate nPP. Based on these results, Baker et al. 
(1998) concluded that D3 must be acting on the phytate compound to increase phosphorus 
retention in the bone.  
Atencio et al. (2005) found a significant (P < 0.0002) improvement in tibia ash 
when chicks were fed 3,200 IU/kg of D3 with adequate dietary nPP from day 1 to 16. 
Many have noted high supplementation of D3 improved chick performance when 
supplemented to reduced nPP diets. Therefore, high supplementation of D3 could increase 
profits for producers by allowing for reduced dietary cost due to the reduced utilization of 
the inorganic P source.   
Vitamin D3 effects on Ca and P utilization in broilers 
 Cholecalciferol has a major effect on Ca and P absorption and utilization in the 
body (Qian et al., 1997). Many studies have noted increased serum P concentrations with 
increasing D3 supplementation. Nawaz et al. (2008) found serum P concentrations 
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significantly (P ≤ 0.05) increased from 4.15 to 6.00% when chicks were fed 3,000 IU/kg 
of D3 with adequate dietary nPP from day 1 to 42. Similar results were shown in Rama 
Rao et al. (2009), who noted a significant (P ≤ 0.05) 4.5% increase in serum P 
concentrations when chicks were fed a supplemented diet of D3 ranging from 200 to 
3,600 IU/kg with 0.27% dietary nPP from day 1 to 42. Additional work by Rama Rao et 
al. (2006) found a significant (P ≤ 0.05) increase in serum P concentrations as D3 
supplementation increased. Edwards (2002), however, did not see an improvement in 
serum P concentrations of chicks when fed a diet with 8,800 IU/kg of D3 and 0.30% nPP 
from day 1 to 16.  
The mechanism for D3 effect on P retention is has two possible explanations: one, 
D3 can act on the cells of the intestine to upregulate mRNA expression of the sodium-
coupled phosphorus cotransporter thus improving P absorption (Han et al., 2009; Combs, 
1998) or, two, D3 can act directly on the phytate compound to release the bound P 
resulting in a greater supply of P for the body (Baker et al, 1998). Edwards (2002) noted 
a significant (P < 0.008) 11% increase of phytate P retention when chicks were fed 8,800 
IU/kg of D3 with 0.30% dietary nPP from day 1 to 16, allowing for increased total P 
retention. More examples of vitamin D3 benefits on phytate P retention are described in 
the literature when supplementation of its metabolites are applied, which will be 
discussed shortly. 
 Vitamin D3 has also increased Ca utilization and retention in the body (Rama Rao 
et al., 2009; Rama Rao et al., 2006, Qian et al., 1997). Nawaz et al. (2008) found serum 
Ca concentrations significantly (P ≤ 0.05) increased from 9.03 to 11.41% when chicks 
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were fed 3,000 IU/kg of D3 with adequate dietary nPP from day 1 to 42. These results are 
in agreement with Atencio et al. (2005), who noted serum Ca increased significantly (P < 
0.0001) from 7.71 to 11.22 mg/100mL in chicks when fed a diet with 3,200 IU/kg of D3 
and 0.49% nPP from day 1 to 16. Edwards (2002), however, did not see an improvement 
in serum Ca concentrations when chicks were fed 8,800 IU/kg of D3 with 0.30% dietary 
nPP from day 1 to 16. Cholecalciferol has a substantial effect on P and Ca utilization in 
many different areas of body, which ultimately relates back to more efficient growth of 
broilers.  
 Vitamin D3 metabolites effects on performance of broilers 
 The metabolites of D3 perform as well as, if not better than, their parent 
compound. The effect of 25-OH-D3 on BWG has been extensively studied and the results 
are similar to D3 (Bar et al., 2003). Papešova et al. (2008) found feeding both D3 (5,000 
IU/kg) and 25-OH-D3 (50 μg/kg) with adequate nPP to chicks (day 1 to 37) resulted in a 
significant (P < 0.01) 40g and 110g increase in BWG over D3 supplementation alone on 
day 20 and day 37, respectfully. A recent study concluded supplementation of PHY at 
600 FTU/kg, 1,25-(OH)2-D3 at 5 μg/kg or the combination for 21 days produced 
significant (P < 0.002) main effects on body weight, as well as significant (P ≤ 0.05) 
interactions of PHY x P level in the diet (0.45, 0.55, and 0.65%), 1,25-(OH)2-D3 x P and 
PHY x 1,25-(OH)2-D3 x P (Mitchell and Edwards, 1996). This study also noted 
supplementation of the same treatments for 14 days resulted in significant (P ≤ 0.05) 
main effects of PHY and the combination on body weight, while there were  marginal (P 
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< 0.09) interactions of PHY x P and PHY x 1,25-(OH)2-D3 x P level (Mitchell and 
Edwards, 1996).  
 Cholecalciferol metabolites also have similar effects as D3 on FE, tibia weight and 
ash percentage (Bar et al., 2003). Edwards (2002) determined supplementation of 25-OH-
D3 or 1,25-(OH)2-D3 to chicks (day 1 to 16) produced significant (P < 0.03) 
improvements of FE and tibia ash compared to the basal control diet (0.26 or 0.33% 
dietary nPP). These finding are in agreement with Applegate et al. (2003), who concluded 
feeding 25-OH-D3 at 5 μg/kg with 0.20% dietary nPP to chicks (day 7 to 21) resulted in a 
significant (P < 0.001) 3% increase in tibia ash compared to the control treatment with no 
D3 supplementation. Mitchell and Edwards (1996) also noted significant (P < 0.001) 
increase in tibia ash with both PHY (600 FTU/kg) and 1,25-(OH)2-D3 (5 μg/kg) 
supplementation when compared to the control diet (non-supplemented diet with total P- 
0.45, 0.55 and 0.65%). These data suggest that vitamin D3 metabolites may be more 
effective in areas of production over their parent compound.  
Vitamin D3 metabolites effect on Ca and P utilization in broilers 
 Angel et al. (2005) determined chicks fed a supplemental diet of 70 μg/kg of 25-
OH-D3 with nPP levels ranging from 0.26 to 0.30% would allow for significantly (P ≤ 
0.05) less consumption of total P and nPP while still performing at standard levels from 
day 1 to 49, this finding suggests that one could reduce the nPP and total P requirements 
for chicks. Edwards (2002) found chicks fed a supplemental diet of 5 μg/kg of 1,25-
(OH)2-D3 with 0.26 or 0.33% nPP significantly (P < 0.03) improved P retention in the 
chick from day 1 to 16. Edwards (1993) found that feeding chicks a supplemental diet of 
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1,25-(OH)2-D3 at 10 μg/kg with addition of various amounts of PHY (75 to 600 FTU/kg) 
at 0.19% nPP significantly (P ≤ 0.05) increased P retention by 20% compared to the 
control, and improved P utilization by 60 to 88% with the addition of PHY and 1,25-
(OH)2-D3 to the control diet. Similar results were observed in Mitchell and Edwards 
(1996), who noted P retention was marginally (P < 0.07) improved with PHY and 1,25-
(OH)2-D3 supplementation, which resulted in a reduction in P excretion during the first 
month of life. Along with total P retention, vitamin D3 metabolites significantly (P < 
0.003) increased serum P concentrations (Mitchell and Edwards, 1996). Many studies 
have noted phytate P utilization increased when D3 metabolites are supplemented due to 
them acting on the phytate compound (Applegate et al., 2003; Edwards, 2002; Mitchell 
and Edwards, 1996; Edwards, 1993), although the exact mechanism for this explanation 
has yet to be determined.  
Levels of Ca retention have also been shown to elevate with vitamin D3 
metabolite supplementation, this is most likely associated with the upregulation of 
calbindin (calcium protein involved in calcium absorption) by the D3 metabolites in the 
intestine (Wesserman et al., 1968).  Edwards (2002) found Ca retention levels were 
significantly (P < 0.001) improved when chicks were fed a supplemented diet of 10 μg/kg 
of 1,25-(OH)2-D3 with 0.26 or 0.33% nPP from day 1 to 16, while Mitchell and Edwards 
(1996) found serum Ca concentrations marginally (P < 0.09) increased when chicks were 
supplemented with 5 μg/kg of 1,25-(OH)2-D3.  Again, these data suggest that nPP 
(possibility Ca) levels could be reduced in a standard broiler diet with supplementation of 
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D3 or is metabolites, which could produce cost savings to the producer depending on the 
cost of D3 or metabolite supplementation. 
 
Cholecalciferol effects on layers  
Vitamin D3 and its metabolites effect on performance of layers  
Vitamin D3 and its metabolites have similar effects on layers as it does on 
broilers. Most research conducted with D3 supplementation on laying hens has focused 
on egg quality. According to the NRC (1994), laying hens should be fed a diet containing 
3.25% of Ca, 0.25% of nPP, and 300 IU/kg of D3 to produce eggs at a 90% production 
rate. However, the Performance Standards Manual of Hy-line W-36 for laying hens state 
that hens should be fed a diet with 4.42% of Ca and 0.51% of nPP to produce standard 
grade A large eggs (23 oz/doz) at a 90% production rate based on a 95 g/hen/day FI. 
Most studies, however, usually formulate diets within the two recommended Ca and nPP 
levels. Vitamin D3 supplementation has been found to improve eggshell quality, 
especially as eggshell quality decreases over time in layers due to the decreased 
efficiency of converting D3 into 25-hydroxycholecalciferol in the liver (Frost and Roland, 
1990; Bar and Hurwitz, 1987), which is why continued supplementation of D3 at higher 
rates could provide beneficial effects both on performance and bone health.   
Vitamin D3 and its metabolites effect on egg quality of layers 
  Frost and Roland (1990) determined a significant (P ≤ 0.05) 10% and 5% 
improvement in egg production with the supplementation of 1,500 IU/kg of D3 and 1 
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μg/kg of 1,25-(OH)2-D3, respectively, to a diet containing 0.55% P and 3.75% Ca fed to 
hens 65 to 75 weeks of age. These results are in agreement with Carlos and Edwards 
(1998), who determined a significant (P < 0.0002) 5% improvement in egg production 
when hens (59 to 68 weeks of age) were fed a supplemental diet of 5 μg/kg of 1,25-
(OH)2-D3 with 3.00% Ca and 0.33% P. Marrett et al. (1975) also noted a 3 to 10% 
increase in egg production when hens were fed a supplemented diet of 22 μg/kg of 25-
OH-D3 with Ca levels ranging from 2.75 to 4.00%. Keshavarz (2003), Mattila et al. 
(2004), Masapour et al. (2005), and Ameenuddin et al. (1986), however, found no 
significant improvement in egg production when D3 was applied to the control diet. 
 Many studies have been conducted with D3 and its metabolites which have 
resulted in inconsistent data on egg weight (Frost and Roland, 1990). Tsang and Grunder 
(1993) concluded supplementation of D3 rather than 1,25-(OH)2-D3 produced a heavier 
egg, but supplementation of any D3 resulted in a heavier egg when compared to non-
supplemented control. Mattila et al. (2004) and Ameenuddin et al. (1986) found a 
marginal (P < 0.09) reduction in egg weight when D3 was supplemented at 15,000 IU/kg, 
and 100,000 to 200,000 IU/kg, respectively. Other studies, however, have noted no 
significant differences in egg weight when diets were supplemented with D3 or its 
metabolites (Musapuor et al., 2005; Keshavarz, 2003; Carlos and Edwards, 1998; Chiang 
et al., 1997).  
Egg shell weight has been shown to increase when either D3 or its metabolites are 
supplemented to the diet, but heavier shells are observed when D3 metabolites are 
supplemented (Frost and Roland, 1990; McLoughlin and Soares, 1976). Recent studies 
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have concluded supplementation of D3 or its metabolites resulted in significant (P ≤ 0.05) 
increases of shell thickness or specific gravity, but the D3 metabolites were more 
effective at improving the parameter when supplemented (Keshavarz, 2003; Carlos and 
Edwards, 1998; Tsang and Grunder, 1993; Frost and Roland, 1990; Marrett et al., 1975). 
This information suggests that D3 supplementation or its metabolites improved egg 
quality.  
Frost and Roland (1990) noted BWG significantly (P ≤ 0.05) increased in hens 
(65 to 75 weeks of age) with supplementation of 1,25-(OH)2-D3 at 1 μg/kg to a diet 
containing 3.75% Ca and 0.55% P. Carlos and Edwards (1998) determined body weight 
loss was significantly (P ≤ 0.05) reduced when hens (59 to 68 weeks of age) were 
supplemented with 600 FTU/kg of PHY, and noted a marginal (P < 0.07) reduction in 
body weight loss when 1,25-(OH)2-D3 at 5 μg/kg was supplemented with PHY to diets 
consisting of 3.00% Ca and 0.33% P. These results differ from Mattila et al. (2004) and 
Keshavarz (2003), who did not observe any effect on body weight gain or loss during the 
production period when diets were supplemented with either D3 or 25-OH-D3. These data 
suggest that 1,25-(OH)2-D3 may have a more sensitive effect on body weight than D3 or 
other D3 metabolites.   
 Feed intake also has inconsistent responses to D3 supplementation. Frost and 
Roland (1990) determined a significant (P ≤ 0.05) 3 g/h/d improvement of FI when hens 
were fed a diet supplemented with 1,500 IU/kg of D3 and 1 μg/kg of 1,25-(OH)2-D3 with 
0.55% P and 3.75% Ca. This is in agreement with Musapuor et al. (2005), who noted a 
significant (P ≤ 0.05) increase in FI when hens (42 weeks of age) were fed a 
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supplemental diet of 400 IU/kg of D3 with 2.27 or 3.25% Ca and 0.1725 or 0.25% nPP.  
Ameenuddin et al. (1986), however, concluded D3 supplementation at 200,000 IU/kg 
caused a significant (P ≤ 0.05) reduction in FI when compared to D3 supplementation at 
960 IU/kg and 100,000 IU/kg. These results differ from Mattila et al. (2004), Keshavarz 
(2003), and Carlos and Edwards (1998), who found no effect on FI when diets were 
supplemented with D3 and/or 1,25-(OH)2-D3. Musapuor et al. (2005) found a significant 
(P ≤ 0.05) 1% gain in tibia ash when hens (30 to 42 weeks of age) were fed diets 
containing 2.27 or 3.25% Ca, 0.1725 or 0.25% nPP with 400 IU/kg of D3 and 1,000 
FTU/kg of PHY. This result agrees with Carlos and Edwards (1998), who noted a 3% 
increase in tibia ash when hens (24 to 32 weeks) were fed a diet containing 3.00% Ca and 
0.33% P with 5 μg/kg of 1,25-(OH)2-D3. These results show that supplementation of D3 
or its metabolites have various effects of feed intake, but improvement in tibia ash can be 
seen with increasing D3 supplementation. 
Vitamin D3 and its metabolites effect on Ca and P utilization in layers 
Calcium is an essential mineral that is required for egg production as it composes 
40% of the egg shell (Keshavarz, 2003). Many studies have noted that supplementation 
of high levels of D3 significantly (P ≤ 0.05) increased serum Ca concentrations in layers 
(Carlos and Edwards, 1998; Chiang et al., 1997; Tsang and Grunder, 1993; Ameenuddin 
et al., 1986).  Musapuour et al. (2005) concluded supplementation of 400 IU/kg of D3 
significantly (P < 0.05) improved P utilization by increasing the serum P concentrations 
and P concentrations in the bone, thereby reducing the amount of P excreted. These 
results are in agreement with Carlos and Edwards (1998), who determined 
22 
 
 
supplementation of 1,25-(OH)2-D3 at 5 μg/kg significantly (P < 0.05) improved P 
utilization by increasing P retention, serum P concentrations, and acting on phytate.  The 
literature has documented how D3 supplementation improved both Ca and P utilization 
resulting in less inorganic supplementation thereby adding to the cost savings.  
 
Conclusions 
 This review delineates how D3 and its metabolites produce beneficial effects on 
performance and bone health of both broiler and egg laying chickens. Vitamin D3 has 
been shown to increase body weight gain, feed intake, feed efficiency, and tibia weight 
and ash percentage in broilers and laying hens. The literature has also demonstrated how 
D3 (along with PHY supplementation) can improve Ca and P utilization, which allows for 
improved growth and reduction in supplementation of dietary Ca and nPP. 
Cholecalciferol also provided beneficial effects on egg quality by increasing egg 
production, egg and shell weight, and shell strength by increasing shell thickness. 
Overall, cholecalciferol and its metabolites greatly improved performance, tibia ash and 
TTPR in both types of birds, which can lead to greater performance and reduction in feed 
cost.  
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CHAPTER 3. THE EFFECTS OF FEEDING HIGH CONCENTRATIONS OF 
CHOLECALCIFEROL, PHYTASE OR THE COMBINATION ON BROILER 
CHICKS FED VARIOUS CONCENTRATIONS OF NONPHYTATE 
PHOSPHORUS 
 
Abstract  
Two experiments were conducted to investigate the effects of feeding high 
concentrations of cholecalciferol (D3), phytase (PHY) or the combination on performance 
variables in Ross broiler chicks fed various concentrations of nonphytate phosphorus 
(nPP). Experiment one was arranged as a 5 x 3 factorial in a completely randomized 
design with nPP (0.20, 0.26, 0.33, 0.39 and 0.45%) and D3 (0, 7,500 and 15,000 IU/kg) as 
dietary treatments fed from day 5 to 23. The second experiment utilized a completely 
randomized design with a 4 x 2 x 2 factorial arrangement of treatments consisting of nPP 
(0.15, 0.25, 0.35 and 0.45%), D3 (0 and 7,500 IU/kg) and PHY (0 and 1,000 FTU/kg) as 
dietary treatments fed from day 4 to 18. Body weight gain (BWG) and feed efficiency 
(FE) were quantified over the duration of the each experiment. Tibia and excreta samples 
were collected at the end of each experiment to determine bone ash, expressed as total 
ash weight (AshW) and as a percentage of total tibia weight (AshP), and total tract 
phosphorus retention (TTPR). In experiment one, a main effect of nPP resulted in 
significant (P ≤ 0.05) increases in BWG, AshW and AshP. A significant (P ≤ 0.05) nPP x 
D3 interaction occurred for FE and TTPR. In experiment two, there were main effects of 
PHY and nPP that resulted in significant (P ≤ 0.05) increases in BWG and FE. A 
significant (P ≤ 0.05) PHY x nPP interaction was observed in both AshW and AshP. A 
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significant (P ≤ 0.05) three-way interaction of D3 x nPP x PHY was observed in TTPR. 
The addition of higher concentrations of D3 to boiler diets was able to effectively 
improve phosphorus retention in experiment one, but did not affect the performance of 
chicks in either. 
(Key words: cholecalciferol, phytase, nonphytate phosphorus, broiler) 
 
 Introduction  
To meet the broiler chick’s nonphytate phosphorus (nPP) requirement for growth, 
many producers supplement an inorganic phosphorus source, such as dicalcium 
phosphate or rock phosphate. This practice is expensive and results in greater excretion of 
phosphorus (P) that can lead to increase run off and possible incidence of eutrophication 
(Ramo Rao et al., 2009; Angel et al., 2005; Waldroup et al., 2000; Carlos and Edwards, 
1998; Mitchell and Edwards, 1996). Recent experiments have shown the supplementation 
of phytase (PHY), vitamin D3 (D3) (or its metabolites- 1,25-Dihydroxycholecalciferol and 
1α-hydroxycholecalciferol), or the combination of both PHY and D3 increased P 
retention, resulting in reduced P excretion as well as increased cost savings due to 
decreased utilization of inorganic P sources (Han et al., 2009; Rama Rao et al., 2009; 
Edwards, 2002; Biehl and Baker, 1997; Qian et al., 1997; Mitchell and Edwards, 1996; 
Edwards, 1993). Nawaz et al. (2008) documented a significant (P ≤ 0.05) improvement in 
body weight gain and feed intake with supplementation of D3 at levels ranging from 200 
to 3,000 IU/kg to diets with adequate dietary nPP. Baker et al. (1998) demonstrated 
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improved tibia ash percentage with supplementation of D3 at 50,000 IU/kg to diets with 
nPP concentrations of 0.10 or 0.45%. These results suggest that D3 has the potential to 
improve broiler chick performance when supplemented to corn-soybean meal diets with 
reduced dietary nPP.  
The hypothesis of the current study was supplementation of high concentrations 
of cholecalciferol will improve chick performance, tibia ash and phosphorus retention 
when chicks are fed a deficient nPP diet with or without the addition of phytase. 
The objective of the study was to determine the effects of feeding high 
concentrations of cholecalciferol, phytase or the combination to growing broiler chicks 
fed various concentrations of nPP on bird performance, tibia ash and phosphorus 
retention. 
 
Material and Methods 
General Procedure 
Housing, handling, and euthanasia were in accordance with the policies of the 
Institutional Animal Care and Use Committee of Iowa State University. Two experiments 
were conducted with Ross 308 female chicks which were purchased from a local 
hatchery (Welps Hatchery, Bancroft, IA). Chicks were maintained in raised wire cages 
(508 cm2/bird) in an environmentally controlled room (21-32°C) with continuous light. 
Chicks were fed a standard corn-soybean meal diet that met or exceeded NRC (1994) 
recommendations before being placed on experimental diets. All chicks were weighed, 
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sorted, wing banded, and randomly allotted to dietary treatments. Feed and water were 
provided ad libitum throughout the experimental period. Body weights were taken at the 
start and at the end of the experiment to determine body weight gain, while mortality 
were weighed and recorded daily. Feed efficiency was determined over the experimental 
period. Excreta (approximately 250g/experimental unit) were collected over the final two 
days of the experimental period to determine total tract phosphorus retention (TTPR) 
using titanium dioxide (Ti) as an inert dietary marker.   
At the end of the experiment, chicks were euthanized by carbon dioxide 
asphyxiation and right tibiae from all chicks were collected for tibia ash determination 
(Persia et al, 2006). Briefly, bones were pooled by experimental unit (EU), autoclaved 
(121°C at 18 psi for 30 minutes), processed to remove any adhering tissue and cartilage 
caps before bones were dried at 100°C for 72 hours. The dried bones were weighed 
before they were dry-ashed for 24 hours at 600°C in a muffle furnace. The remaining ash 
was weighed to determine tibia ash, expressed as total ash grams per tibia and as a 
percentage of dry bone. For TTPR determination, excreta were weighed then dried for 5 
days at 65°C, upon which the dry excreta and experimental diet samples were weighed 
and ground to pass through a 1mm screen. The dry samples, 0.3 g excreta and 0.8 g feed, 
were digested with 0.8 g of sodium sulfate (anhydrous) in 5 mL of sulfuric acid on a heat 
block at 105°C for 72 hours. Once cooled, the samples were diluted to 50 mL with 
distilled water in a 50 mL glass volumetric, and then transferred to 50 mL conical tubes 
for storage. Phosphorus percentage of the EU sample was determined in triplicate via a 
1:1:3 mixture of molybdovanadate solution, sample and distilled water in a 96 well plate, 
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with an incubation period of 30 minutes before being read at 400 nm wavelength using a 
Synergy 4 Hybird Multi-mode microplate reader (Biotek, Winooski, VT). Titanium 
dioxide values were determined in triplicate in a 96 well plate by a 20:1 concentration 
solution of EU sample to hydrogen peroxide, with a 30 minute incubation period before 
being read at 410 nm wavelength using a Synergy 4 Hybird Multi-mode microplate 
reader (modified protocol from Ravindran et al., 2006). TTPR values were determined by 
the following equation: 
𝑃𝑑𝑖𝑒𝑡 − 𝑃𝑓𝑒𝑐𝑎𝑙 �
𝑇𝑖 𝑑𝑖𝑒𝑡
𝑇𝑖𝑓𝑒𝑐𝑎𝑙
�
𝑃 𝑑𝑖𝑒𝑡 × 100 = 𝑇𝑇𝑃𝑅 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 
Where  Pdiet = percent of phosphorus in the diet, 
 Pfecal = percent of phosphorus in the EU fecal sample, 
 Ti diet = percent of titanium in the diet, 
 Ti fecal = percent of titanium in the EU fecal sample 
 
The diet was corrected to a dry matter basis by measuring out 2.0 g samples and 
drying them in an oven at 100° C for 24 hours.  After the allotted time, the samples were 
weighed and the dry matter was calculated by dividing the dry diet sample weight by the 
wet diet weight. 
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Experiment 1 
Experiment one was conducted to determine the effects of feeding high 
concentrations of D3 to growing chicks fed various concentrations of nPP on bird 
performance, phosphorus utilization and body phosphorus status. The experiment 
consisted of a 5 x 3 factorial arrangement in a completely randomized design with five 
dietary concentrations of nPP (0.20, 0.26, 0.33, 0.39 and 0.45%) and three concentrations 
of D3 (0, 7,500 and 15,000 IU/kg). Values of D3 and nPP were selected based on results 
from the literature. A total of 450 chicks were randomly allotted to 90 raised wire cages 
in groups of five. Chicks were selected from a pool of 500 utilizing body weight as the 
determining factor, body weights selected ranged from 81 to 112g. Each of the 15 
treatments was replicated six times resulting in 30 birds per treatment. The experimental 
diets were fed for an 18 day period (day 5 to 23). 
Experiment 2 
Experiment two was conducted to determine the effects of feeding high 
concentrations of D3 and PHY to growing chicks fed various concentrations of nPP on 
bird performance, tibia ash and TTPR. The study was arranged as a 4 x 2 x 2 factorial in 
a completely randomized design with four dietary concentrations of nPP (0.15, 0.25, 0.35 
and 0.45%) with two concentrations of PHY (0 or 1,000 FTU/kg) and two concentrations 
of D3 (0 or 7,500 IU/kg). Values of D3, nPP, and PHY were selected based on results 
from the literature. A total of 480 chicks were randomly allotted to 96 raised wire cages 
in groups of five. Chicks were selected from a pool of 525 utilizing body weight as the 
determining factor, body weights selected ranged from 60 to 125g. Each of the 16 
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treatments was replicated six times resulting in 30 birds per treatment. The experimental 
diets were fed for a 15 day period (day 4 to 18). 
Experimental diets 
The experiment diets are provided in Table 3.1, Table 3.2. The D3 supplement 
premix used in both experiments was guaranteed to contain 500,000 IU/g. The PHY used 
in experiment two was an E. coli derived phytase and was added according to guaranteed 
minimum activity.  
Statistical Analysis 
Data were analyzed by analysis of variance (ANOVA) using General Linear 
Model procedure of SAS (SAS Institute, Cary, NC) for a completely randomized design. 
If significance was found the data were separated using the student’s t test. If significance 
was not found no further analysis was preformed. The fixed effects in experiment one 
were D3 and nPP concentration. Main effects and interactions for both D3 and nPP were 
determined. In experiment two, D3, nPP and PHY concentration were all analyzed for 
main effects and interactive effects.  
 
Results and Discussion 
Experiment 1 
Past studies have shown supplementation of D3 improved body weight gain 
(BWG), feed intake (FI), feed efficiency (FE), tibia ash, and TTPR at both adequate and 
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deficient nPP diets (Khan et al., 2010; Ramo Rao et al., 2009; Nawaz et al., 2008; Ramo 
Rao et al., 2006; Atencio et al., 2005; Whitehead et al., 2004; Edwards, 2002; Baker et 
al., 1998; Biehl and Baker, 1997; Luo and Huang, 1991). The results of the current study 
are presented in Table 3.3. Cholecalciferol was not effective in improving BWG or tibia 
ash. A significant (P ≤ 0.05) nPP x D3 interaction for FE and TTPR occurred, while a 
main effect of nPP resulted in significant (P ≤ 0.05) improvement of BWG, tibia ash 
weight, and tibia ash percentage. As expected, BWG and tibia ash improved as dietary 
nPP increased due to the increased P in the diet. A significant (P ≤ 0.05) nPP x D3 
interaction occurred for FE. Supplementation of D3 (at either level) improved FE with 
increasing concentrations of nPP until FE peaked at 0.39% dietary nPP, while FE peaked 
at 0.26% dietary nPP for the non-supplemented diets and held constant thereafter. Results 
of the current study are similar to Biehl and Baker (1997) and Rama Rao et al. (2009), 
who noted a significant (P ≤ 0.05) improvement in FE when 1000 IU/kg of D3 was 
supplemented to 0.14% dietary nPP and when 3,600 IU/kg of D3 was supplemented to 
0.27% dietary nPP, respectfully.  
A significant (P ≤ 0.05) nPP x D3 interaction occurred for TTPR (Figure 3.1.). A 
quadratic effect was noted in TTPR with supplemental D3 (at either level), while variable 
responses were observed for the non-supplemented diets. Although there are differences 
of the interaction in TTPR across the various nPP concentrations, it is evident that at least 
numerically, D3 did increase the TTPR of the birds. These findings are similar to those 
reported in the literature (Han et al., 2009; Ramo Rao et al., 2009; Edwards, 2002; 
Mitchell and Edwards, 1996), in that supplementation of D3 or its metabolite (1,25-
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dihydroxycholecalciferol) improved P retention. The mechanism for this response has 
two possible explanations: first, D3 can act on the cells of the intestine to upregulate 
mRNA expression of the sodium-coupled phosphorus cotransporter thus improving P 
absorption (Han et al., 2009; Combs, 1998) or, second, D3 can act directly on the phytate 
compound to release the bound P resulting in a greater supply of P for the body (Baker et 
al, 1998). In past literature, cholecalciferol improved performance, tibia ash and TTPR, 
though its effectiveness in the current study was only observed through interactive effects 
on FE and TTRP and did not affect BWG or tibia ash. The results of this experiment 
suggest that although D3 increased TTPR, this increased P retention had little effect on 
performance. 
Experiment two 
Supplementation of D3 and PHY improved performance, tibia ash and TTPR in 
several experiments (Snow et al., 2004; Qian et al., 1997; Mitchell and Edwards, 1996; 
Edwards, 1993). Results of the current study suggest that D3, in contrast to the previous 
study, did not improve BWG, FE, tibia ash, or TTPR (Tables 3.4 and 3.5). A significant 
(P ≤ 0.05) three-way interaction between nPP x D3 x PHY was noted. There were 
significant (P ≤ 0.05) main effects of dietary nPP and PHY on BWG, FE, tibia ash, and 
TTPR. In general, performance significantly (P ≤ 0.05) improved as PHY was 
supplemented at 1,000 FTU/kg or as dietary nPP increased. These findings are similar to 
Qian et al. (1997) who noted a significant (P < 0.001) improvement on BWG as 0 to 900 
FTU/kg of PHY was supplemented to chicks from day 1 to 21. Another study also noted 
a significant (P < 0.001) main effect of PHY on BWG occurred when chicks (1 to 9 days 
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of age) were fed a standard corn soybean meal diet with 75 to 600 FTU/kg of PHY 
(Edwards, 1993).  
A significant (P < 0.006) nPP x PHY interaction occurred for both tibia ash 
weight and tibia ash percentage. As expected, the greatest improvement of tibia ash was 
noted with the addition of PHY to low nPP diets, where it was observed to have the 
largest increase in tibia ash weight and percentage in comparison to diets containing 
higher amounts of nPP. Similar results were documented by Edwards (1993), who found 
a significant improvement in tibia bone ash as PHY added at various amounts (75 to 600 
FTU/kg) to an adequate nPP diet, while Snow et al. (2004) demonstrated a main effect of 
PHY on in tibia ash percentage when the control diet (0.13% nPP) was supplemented 
with 300 FTU/kg. A significant (P < 0.001) three-way nPP x PHY x D3 interaction 
occurred in TTPR (data not shown); this was due to a large reduction in P retention for 
the non-supplemented 0.45% nPP diet and no current explanation is available as to why 
this value was so small (28.24%). These results are in conflict with Qian (1997), who 
noted a significant (P < 0.0003) improvement in TTPR when D3 (2,640 or 26,400 IU/kg), 
PHY (0 to 900 FTU/kg) or the combination was fed with 0.27% nPP to chicks from day 1 
to 21. In the current study, D3 did not effectively improve performance, tibia ash or 
TTPR. The supplementation of PHY had beneficial effects on all parameters tested in the 
current study. In this study, D3 supplementation was not an appropriate substitute for 
inorganic phosphorus supplementation in broiler diets. 
In conclusion, the supplementation of higher concentrations of D3 to boiler diets 
was able to effectively improve TTRP, although this was not confirmed in both 
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experiments, and was not effective in improving performance in either study. Phytase 
supplementation increased performance in the chicks, while the combination of the two, 
PHY and D3, did not perform significantly better than the PHY supplemented diet. In 
these studies, feeding higher dietary concentrations of cholecalciferol was not an 
effective substitute for inorganic phosphorus supplementation.
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Table 3.1. Composition of the experimental diets (Experiment 1). 
Ingredients  
Dietary concentrations of nPP1 
 
0.20% 0.27% 0.33% 0.39% 0.45% 
   
(%) 
Corn 
  
54.69 54.46 54.24 54.01 53.74 
Soybean Meal (48%) 37.50 37.50 37.50 37.50 37.50 
Animal Vegetable Blend Oil 4.11 4.20 4.29 4.38 4.49 
Limestone 
 
1.85 1.65 1.44 1.25 1.06 
Dicalcium Phosphate 0.40 0.74 1.08 1.42 1.75 
Salt 
  
0.30 0.30 0.30 0.30 0.30 
Poultry VTM 882,3 
 
0.63 0.63 0.63 0.63 0.63 
DL-Methionine 
 
0.23 0.23 0.23 0.23 0.23 
Choline chloride 
 
0.10 0.10 0.10 0.10 0.10 
Titanium oxide   0.20 0.20 0.20 0.20 0.20 
Calculated composition 
     Crude protein  
 
21.70 21.70 21.70 21.70 21.70 
ME, kcal/kg 
 
3,200 3,200 3,200 3,200 3,200 
Ca 
  
0.90 0.90 0.90 0.90 0.90 
Total P 
  
0.46 0.52 0.58 0.65 0.71 
Nonphytate P (nPP) 
 
0.20 0.27 0.33 0.39 0.45 
Analyzed composition 
     Total P 
  
0.61 0.67 0.79 0.79 0.86 
1 Each diet was replicated with the addition of 7,500 IU/kg or 15,000 IU/kg of  
vitamin D3. 
2 The vitamin and mineral mix provided 2,750 IU/kg of vitamin D3 to each diet.  
3 The vitamin and mineral mix provided the following (per kilogram of diet): selenium, 
40 ppm; vitamin A, 1,320,000 IU; vitamin E, 2,860 IU; menadione, 176 mg; vitamin 
B12, 1.87 mg; biotin, 6.6 mg; choline, 71,500 mg; folic acid, 220 mg; niacin, 6,600 mg; 
pantothenic acid, 1760 mg; pyridoxine, 176 mg; riboflavin, 880 mg; thiamine, 220mg. 
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Table 3.2. Composition of the experimental diets (Experiment 2). 
 Ingredients  
Dietary concentrations of nPP1 
  0.15% 0.25% 0.35% 0.45% 
   
(%) 
Corn 
  
56.42 55.97 55.57 55.19 
Soybean Meal (48%) 37.43 37.50 37.50 37.50 
Animal Vegetable Blend Oil 2.50 2.65 2.82 2.97 
Limestone 
 
1.99 1.69 1.39 1.07 
Dicalcium Phosphate 0.14 0.67 1.20 1.75 
Salt 
  
0.30 0.30 0.30 0.30 
Poultry VTM 882,3 
 
0.63 0.63 0.63 0.63 
DL-Methionine 
 
0.27 0.27 0.27 0.27 
Choline chloride 
 
0.10 0.10 0.10 0.10 
Titanium oxide   0.20 0.20 0.20 0.20 
Calculated composition 
    Crude protein  
 
21.80 21.80 21.80 21.80 
ME, kcal/kg 
 
3,115 3,115 3,115 3,115 
Ca 
  
0.90 0.90 0.90 0.90 
Total P 
  
0.42 0.51 0.61 0.71 
Nonphytate P (nPP) 
 
0.15 0.25 0.35 0.45 
Analyzed composition 
     Total P 
  
0.53 0.60 0.66 0.86 
1 Each diet was replicated with the addition of 7,500 IU/kg of vitamin D3 or 1,000 
FTU/kg of phytase or the combination. 
2 The vitamin and mineral mix provided 2,772 IU/kg of vitamin D3 to each diet.  
3 The vitamin and mineral mix provided the following (per kilogram of diet): 
selenium, 40 ppm; vitamin A, 1,320,000 IU; vitamin E, 2,860 IU; menadione, 
176 mg; vitamin B12, 1.87 mg; biotin, 6.6 mg; choline, 71,500 mg; folic acid, 
220 mg; niacin, 6,600 mg; pantothenic acid, 1760 mg;pyridoxine, 176 mg; 
riboflavin, 880 mg; thiamine, 220mg. 
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Table 3.3. Performance, tibia ash and phosphorus retention of chicks fed 
diets with various concentrations of vitamin D3 and nPP1  
(Experiment 1)2. 
Dietary levels 
 
Weight 
Gain 
  Gain:          
  Feed Tibia Ash 
Phosphorus 
Retention nPP D33    
(%) (IU/kg) 
 
(g/bird)  (g/kg) (g/tibia) (%) (%) 
0.20 
  
  504c  444 0.525d 37.68d 52.59 
0.26 
  
  577b  513 0.684c 41.68c 49.16 
0.33 
  
  584b  523 0.798b 44.31b 55.83 
0.39 
  
  623a  582 0.884a 46.16a 52.61 
0.45 
  
  615a  552 0.901a 46.34a 48.99 
        
 
0 
 
 579 519 0.747 43.22 48.34 
 
7500 
 
  579  524 0.754 43.37 53.71 
 
15000 
 
  584  526 0.775 43.10 53.46 
        0.20 0 
 
 490 434z 0.486 36.62 55.49uvw 
 
7500 
 
  510  454yz 0.545 38.62 53.17vwx 
 
15000 
 
  511  445yz 0.543 37.81 49.12xy 
0.26 0 
 
  575  526vwx 0.670 41.70 40.37z 
 
7500 
 
  567  484xy 0.688 41.46 49.01xy 
 
15000 
 
  589  530vw 0.694 41.87 58.10uv 
0.33 0 
 
  602  543tuv 0.820 45.16 52.18vwx 
 
7500 
 
  581  537uv 0.788 44.02 54.92uvwx 
 
15000 
 
  569  490wxy 0.785 43.75 60.40u 
0.39 0 
 
  611  542tuv 0.865 45.86 42.10z 
 
7500 
 
  629  616s 0.876 46.48 60.10u 
 
15000 
 
  629  587st 0.913 46.14 55.63uvw 
0.45 0 
 
  616  550tuv 0.893 46.78 51.57wx 
 
7500 
 
  607  529vwy 0.873 46.28 51.36wx 
 
15000 
 
  623  576stu 0.938 45.94 44.04yz 
Pooled SEM 
 
     34     40 0.063   1.50   5.39 
        ANOVA df Probabilities 
        D3  
 
2 0.7579 0.7852 0.2147 0.7820 0.0002 
nPP 
 
4 <.0001 <.0001 <.0001 <.0001 0.0012 
nPPxD3  
 
8 0.5388 0.0029 0.5252 0.3078 <.0001 
a-d Values within each individual main effect column with no common superscript are 
significantly different (P ≤ 0.05) 
s-z Values with an interaction column with no common superscript are significantly 
different (P ≤ 0.05) 
1 nonphytate phosphorus 
2 Data are means of six replicate groups of five chicks per treatment during the period 
5 to 23 d after hatching; average initial weight 100g. 
3 Cholecalciferol 
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Table 3.4. Performance of chicks fed diets with various 
concentrations of vitamin D3, phytase and nPP1  
(Experiment 2)2. 
Dietary levels 
 
Weight 
Gain Gain: Feed nPP D33  Phytase   
(%) (IU/kg) (FTU/kg) 
 
(g/bird) (g/kg) 
0.15 
   
326c 634b 
0.25 
   
372b 654b 
0.35 
   
403a 677a 
0.45 
   
402a 680a 
      
 
0 
  
      374       659 
  7500 
  
      377       663 
      
  
0 
 
357b 649b 
  
1000 
 
394a 674a 
Pooled SEM 
  
37         38 
      ANOVA 
  
df Probabilities 
      D3  
  
1 0.6535 0.5764 
nPP 
  
3 <.0001 <.0001 
Phytase 
  
1 <.0001 0.0016 
nPPxD3  
  
3 0.6376 0.5895 
nPPxPHY 
  
3 0.1956 0.2400 
D3xPHY 
  
1 0.1546 0.9677 
nPPxD3xPHY 
 
3 0.5973 0.5942 
a-d Values within a column with no common superscript are significantly 
different (P ≤ 0.05) 
1 nonphytate phosphrous 
2 Data are means of six replicate groups of five chicks per treatment 
during the period 4 to 18 d after hatching; average initial weight 88g. 
3 Cholecalciferol 
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Table 3.5. Tibia ash and phosphorus retention of chicks fed diets 
with various concentrations of vitamin D3, phytase and nPP1 
(Experiment 2)2. 
Dietary levels 
 Tibia Ash 
Phosphorus 
retention nPP  D33  Phytase 
 (%) (IU/kg) (FTU/kg) 
 
(g/tibia) (%) (%) 
0.15 
   
0.289 36.42 62.06a 
0.25 
   
0.393 41.72 56.71b 
0.35 
   
0.474 45.19 55.43b 
0.45 
   
0.519 46.88 42.56c 
       
 
0 
  
0.417 42.50 54.31 
 
7500 
  
0.421 42.60 54.07 
       
  
0 
 
0.382 40.80 52.77b 
  
1000 
 
0.456 44.30 55.61a 
       0.15 
 
0 
 
0.247d 33.40d -------- 
  
1000 
 
0.330c 39.44c -------- 
0.25 
 
0 
 
0.338c 39.61c -------- 
  
1000 
 
0.449b 43.82b -------- 
0.35 
 
0 
 
0.431b 43.83b -------- 
  
1000 
 
0.517a 46.54a -------- 
0.45 
 
0 
 
0.512a 46.36a -------- 
  
1000 
 
0.526a 47.40a -------- 
       Pooled SEM 
  
0.048 1.73 3.29 
       ANOVA 
  
df Probabilities 
       D3  
  
1 0.6601 0.7859 0.7159 
nPP 
  
3 <.0001 <.0001 <.0001 
Phytase 
  
1 <.0001 <.0001 <.0001 
nPPxD3  
  
3 0.7889 0.8634 <.0001 
nPPxPHY 
 
3 0.0051 <.0001 0.0009 
D3xPHY 
  
1 0.2322 0.0944 <.0001 
nPPxD3xPHY 
 
3 0.6049 0.3234 <.0001 
a-y Values within a column with no common superscript are significantly 
different (P ≤ 0.05) 
1 nonphytate phosphrous 
2 Data are means of six replicate groups of five chicks per treatment during 
the period 4 to 18 d after hatching; average initial weight 88g. 
3 Cholecalciferol 
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Figure 3.1. The interactive effect of nPP x vitamin D3 on total tract phosphorus retention 
(Experiment 1). 
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CHAPTER 4. THE EFFECTS OF FEEDING HIGH CONCENTRATIONS OF 
CHOLECALCIFEROL, PHYTASE OR THE COMBINATION ON LAYING 
HENS FED VARIOUS CONCENTRATIONS OF NONPHYTATE PHOSPHORUS 
 
 Abstract 
An experiment was conducted to investigate the effects of feeding high 
concentrations of cholecalciferol (D3) and phytase (PHY) to 240 Hy-line W-36 laying 
hens fed diets containing no supplemental inorganic phosphorus (P) on bird performance, 
egg shell quality, tibia ash and total tract phosphorus retention (TTPR). The experiment 
consisted of five dietary treatments arranged in a complete block design from week 42 to 
54 of age. Treatments consisted of a positive control diet (0.46% nPP) and a negative 
control diet (0.12% nPP), the negative control diet supplemented with PHY (300 
FTU/kg), D3 (7,500 IU/kg), or the PHY and D3 combination. Egg production (EP), feed 
intake (FI), hen weight (HW), dry shell weight (DSW), shell thickness (ST), and specific 
gravity (SG) were quantified over the duration of the experiment. Tibia and excreta 
samples were collected at the end of the experiment to determine tibia ash, expressed as 
total ash weight (AshW) and as a percentage of total dry tibia weight (AshP), and TTPR. 
There was a significant (P < 0.01) treatment effect for FI and HW, while a significant (P 
< 0.02) treatment effect was observed over time for HW. Hens fed the positive control 
diet consumed more feed per day than any of the negative control diets. Hens fed the 
negative control diets supplemented with D3 or the combination weighed less than those 
fed the positive control diet during the last six weeks of the experiment. A significant (P 
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≤ 0.0001) treatment effect was also seen in TTPR. Significant treatment effects were not 
observed for all other parameters tested (EP, ST, DSW, SG, AshW, and AshP). Analysis 
of total phosphorus concentration of the diets noted total phosphorus concentrations were 
elevated than the formulated values. This may explain the lack of significant treatment 
effects on performance, egg quality, tibia ash and the lower-than-expected phosphorus 
retention.  
 (Key words: cholecalciferol, phytase, nonphytate phosphorus, laying hen) 
 
 Introduction 
 In 2010, the Institute of Medicine increased the recommended daily allowance of 
cholecalciferol for adults (70 years of age or less) and children from 400 IU/day to 600 
IU/day. This outcome resulted in a greater demand for more food sources containing high 
concentrations of cholecalciferol (D3). A study conducted by the U.S. Department of 
Agriculture in 2010 noted a 61% increase in D3 concentration of eggs, compared to 2002 
study, which resulted in a new estimate of D3 concentration per standard large grade A 
egg, 41 IU of D3/egg. This new finding suggested one standard large grade A egg 
supplies 10% of the total recommended daily allowance of D3, thus eggs are great source 
of D3 (Combs, 1998). The proposed mechanism to this increased egg D3 concentration 
results from increased supplementation of D3 to the laying hen which is transferred to the 
egg yolk (Mattila et al., 2004; Mattila et al., 1999).   
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 Cholecalciferol has also improved phosphorus (P) retention by acting on intestinal 
mucosal phytase (PHY) (Onyango et al., 2006), or by acting on phytate to release the 
bound phosphorus when supplemented at higher than recommended concentrations 
(Baker et al., 1998). Vitamin D3 supplementation improved eggshell quality, especially as 
it decreases over time in layers due the decreased efficiency of converting D3 into 25-
hydroxycholecalciferol in the liver (Frost and Roland, 1990; Bar and Hurwitz, 1987). In 
addition to effects on performance and egg quality, hen health was also improved by D3 
supplementation as bone strength and ash content increased (Combs, 1998; Frost and 
Roland, 1990).  
 Phytase supplementation allows for increased P bioavailability through the 
hydrolysis of phytate (Bilal et al., 2010; Angel et al., 2005; Qian et al., 1997; Mitchell 
and Edwards, 1996). Phytate is a compound that has a direct impact on the availability of 
P to the bird, as it binds approximately 60% of P in grain and oil seeds which is 
troublesome to monogastrics because of the low PHY activity in the gastro-intestinal tract 
(Waldroup et al., 2000; Carlos and Edwards, 1998; NCR, 1994). Very few studies have 
been conducted on laying hens involving the supplementation of D3 and PHY, however, 
the literature does state that PHY and D3 produced main effects on performance and tibia 
ash, while an interactive effect of the two has been documented for total tract phosphorus 
retention (TTPR) (Musapuor et al., 2005; Carlos and Edwards, 1998). 
The hypothesis of the current study was supplementation of high concentrations 
of cholecalciferol will improve bird performance, external egg quality, tibia ash and 
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phosphorus retention when birds are fed diets with no supplemental inorganic phosphorus 
with or without the addition of phytase. 
The objective of the experiment was to investigate the effects of feeding high 
concentrations of cholecalciferol and phytase to laying hens fed no supplemental 
inorganic P on bird performance (egg production, feed intake, body weight and 
mortality), external egg quality, tibia ash and TTPR to determine if the combination of 
feed additives can preclude the addition of inorganic P in layer diets. 
 
Materials and Methods 
Housing, handling, and euthanasia were in accordance with the policies of the 
Institutional Animal Care and Use Committee of Iowa State University. A 12 week 
experiment was conducted with 240 42-week-old Hy-line W-36 hens. These hens were 
donated by Sparboe Farms Inc (Wayzata, MN) and were re-randomized and given a two 
week adjustment period from administration of any previous dietary treatments to allow 
the birds to recover before initiation of the current experimental diets. All experimental 
diets were formulated to meet breeder recommendations (Table 4.1; Performance 
Standards Manual of Hy-line W-36, 2011). The positive control diet was formulated to 
contain 0.46% nPP. The negative control diet was formulated to contain 0.12% nPP. The 
negative control diet was supplemented with 300 FTU/kg of PHY, 7,500 IU/kg of D3 or 
both to generate a total of five dietary treatments. The D3 supplement premix used was 
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added on a guaranteed minimum of 500,000 IU/g. The PHY used was an E coli derived 
phytase and was added according to guaranteed minimum activity.  
Hens were maintained in high rise single tier cages in an environmentally 
controlled room (20-22°C) with a 16:8 light cycle. Hens were fed a transitional corn-
soybean meal diet for two weeks before allotment to the experimental diets. All hens 
were weighed and allotted to dietary treatments in a randomized complete block design at 
start of experiment, resulting in eight blocks consisting of 6 hens in 3 consecutive cages 
[experimental unit (EU)] with 2 hens per cage (244 cm2/hen) for a total of 30 hens per 
treatment. Feed and water were provided ad libitum. Egg production and mortality were 
determined daily while feed consumption was calculated weekly. Body weights were 
taken by pen (3 pens per EU) every four weeks.  
Eggs were collected over a three-day period once every four weeks to determine 
exterior egg quality. Egg shell weight and thickness was determined every four weeks 
using three eggs per experimental unit. All eggs were broken out and the shell membrane 
was removed and then placed in a drying oven for a 24 hour period at 100°C. Once the 
shells were dry, each egg shell was weighed and measured across the equator in three 
different areas with a Pocket Thickness Measures (B.C. Ames, Melrose, MA). Egg 
specific gravity was determined every four weeks by using remaining eggs from the 3 
day collection, typically 12 to 15 eggs/EU. The eggs were placed in increasing salt 
solutions ranging from 1.056 to 1.110 units in increments of 0.004 units (Snow et al, 
2003). A four day total excreta collection (approximately 250 g/EU) occurred at the end 
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of the experiment to determine TTPR using titanium dioxide (Ti) as an inert dietary 
marker.  
At the conclusion of the experiment, two hens from each EU were euthanized by CO2 
asphyxiation and the right tibiae were collected for tibia ash determination (Persia et al, 
2006). Briefly, bones were pooled by EU, autoclaved (121°C at 18 psi for 30 minutes), 
processed to remove any adhering tissue and cartilage caps before bones were dried at 
100°C for 24 hours. The dried bones were weighed before undergoing a fat extraction via 
diethyl ether for 6 hours (Lab-line multi-unit extraction heater, Lab-line Instruments, Inc., 
Melrose Park, IL). The bones were dried in an oven at 100°C and weighed before being 
dry-ashed for 72 hours at 600°C in a muffle furnace. After the allotted time, the ash was 
weighed to determine total tibia ash remaining (g/hen) and tibia ash percentage.  
Collected excreta were weighed then dried for 5 days at 65°C for TTPR determination.  
Dry excreta and experimental diet samples were weighed and ground to pass through a 
1mm screen. The dry samples, 0.3 g excreta and 0.8 g feed, were digested with 0.8 g of 
sodium sulfate (anhydrous) in 5 mL of sulfuric acid on a heat block at 105°C for 72 
hours. Once cooled, the samples were diluted to 50 mL with distilled water in a 50 mL 
glass volumetric, and then transferred to 50 mL conical tubes for storage. Phosphorus 
percentage of the EU sample was determined in triplicate via a 1:1:3 mixture of 
molybdovanadate solution, sample and distilled water in a 96 well plate, with an 
incubation period of 30 minutes before being read at 400 nm wavelength using a Synergy 
4 Hybird Multi-mode microplate reader (Biotek, Winooski, VT). Titanium dioxide values 
were determined in triplicate by a 20:1 concentration solution of EU sample to hydrogen 
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peroxide, with a 30 minute incubation period before being read at 410 nm wavelength 
using a Synergy 4 Hybird Multi-mode microplate reader (modified protocol from 
Ravindran et al., 2006). TTPR values were determined by the following equation: 
𝑃 𝑑𝑖𝑒𝑡 − 𝑃𝑓𝑒𝑐𝑎𝑙 �𝑇𝑖 𝑑𝑖𝑒𝑡𝑇𝑖𝑓𝑒𝑐𝑎𝑙�
𝑃 𝑑𝑖𝑒𝑡 × 100 = 𝑇𝑇𝑃𝑅 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 
Where  Pdiet = percent of phosphorus in the diet, 
 Pfecal = percent of phosphorus in the EU fecal sample, 
 Ti diet = percent of titanium in the diet, 
 Ti fecal = percent of titanium in the EU fecal sample 
 
The diet was corrected to a dry matter basis by measuring out 2.0 g samples and 
drying them in an oven at 100° C for 24 hours. After the allotted time, the samples were 
weighed and the dry matter was calculated by dividing the dry diet sample weight by the 
wet diet weight.  
Statistical Analysis 
Data were analyzed by analysis of variance (ANOVA) using Mixed Model procedure of 
SAS (SAS Institute, Cary, NC) for a randomized complete block design. If significance 
was found the data were separated using the student’s t test. If no significance was 
observed then no further analysis occurred. To determine the overall effect of the 
treatments on the performance parameters, treatment and EU were considered as the 
fixed effects, while block was determined as the random effect. To determine the effects 
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of the treatments on the performance parameters over the course of the experiment, 
treatment, EU, time, and time x treatment were considered as the fixed effects, while the 
random effect was the block and the repeated variable was time. Initial hen weight was 
found significant and was used as a covariate in analysis of feed intake and hen weight. 
 
Results and Discussion 
The effects of the different dietary treatments on performance, egg quality, tibia 
ash, and TTPR are shown in Table 4.2. No significant differences were observed among 
the five dietary treatments for egg production; the supplementation at 300 FTU/kg of 
PHY had the highest production percentage at 92.9%, while supplementation of both 
PHY and D3 had the lowest production percentage at 89%. These findings agree with 
Ameenuddin et al. (1986), who supplemented up to 2,000,000 IU/kg of D3 with 0.65% 
total P and 2.51% calcium (Ca) to hens without observing a significant effect on egg 
production. These results are similar to Musapuor et al. (2005), who noted no significant 
effects on egg production when hens were supplemented with 400 IU/kg of D3 to a diet 
containing 0.25% nPP and 3.25% Ca. Results of the current study agree with Mattila et 
al. (2004), who found no significant effects on egg production, specific gravity, and feed 
intake when hens were fed a diet containing 0.25% nPP and 3.25% Ca with supplemental 
D3 at 15,000 IU/kg from 28 to 64 weeks of age. Keshavarz (2003) also noted no 
significant influence on egg production when a diet containing 0.40% nPP and 4.94% Ca 
was supplemented with 2,760 IU/kg of D3 from 49 to 65 weeks of age. Frost and Roland 
(1990), however, found a significant (P ≤ 0.05) increase in egg production and specific 
56 
 
 
gravity when a diet containing 0.55% total P and 3.75% of Ca were supplemented with 
1,500 IU/kg of D3 from age 65 to 75 weeks.  
There were no significant differences in specific gravity between the treatments in 
the current study; birds fed the PHY supplemented diet produced the densest eggs at 
1.076 units, while birds fed the negative and positive control diets produced the least 
dense eggs at 1.074 units. These findings differ from Carlos and Edwards (1998), who 
noted a significant (P < 0.002) improvement in specific gravity when both D3 and PHY 
were supplemented at 2,760 IU/kg and 600 FTU/kg to a diet containing 3.00% Ca and 
0.33% nPP. In the current study, no significant differences were noted for dry shell 
weight; the negative control diet had the lowest overall weight at 5.39 g, while 
supplementation of D3 at 7,500 IU/kg produced the greatest weight at 5.56 g. There were 
no significant differences in shell thickness due to any of the dietary treatments. These 
finding are similar to Chiang et al. (1997), who noted no significant difference in shell 
weight or shell thickness when 3,000 IU/kg of D3 was supplemented to hens fed 0.33% 
nPP and 3.43% Ca from 75 to 84 weeks of age. Based on the literature and the current 
study we can conclude that D3 has variable effects on egg quality when it is 
supplemented at various levels.  
In the current study, birds fed the positive control diet significantly (P ≤ 0.05) 
consume more feed than those fed the negative control diets. No significant differences 
were observed for tibia ash, expressed as tibia ash weight or as percentage of bone ash, in 
the current study. An explanation of this result is that these birds were most likely not 
deficient in P, because the analyzed total P was higher than what was calculated, thus any 
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added benefit of D3 and PHY on P utilization or phytate P retention was not observed. 
These findings are in disagreement with Frost and Roland (1990), who determined a 
significant (P ≤ 0.05) 0.7g improvement of tibia ash weight when D3 (0 to 1,500 IU/kg) 
was supplemented with 1,25-dihydroxycholecalciferol (0 to 1 μg/kg) to a diet containing 
0.55% nPP and 3.75% Ca. Musapuor et al. (2005) also noted a significant (P ≤ 0.05) 1% 
improvement of tibia ash when PHY was supplemented at 1,000 FTU/kg to a diet 
containing 0.25% nPP and 3.25% Ca.  
In the current study, TTPR had a wide margin of results ranging from 35.72% to 
10.98%. There was a significant (P ≤ 0.05) decrease in phosphorus retention in diets 
supplemented with D3 as compared to the control diets and the PHY supplemented diet. 
Birds fed the negative control had the highest retention at 35.75%, while birds fed the D3 
supplemented diet produced the lowest retention at 10.98%. These results differ from 
Carlos and Edwards (1998), who determined a significant (P < 0.03) improvement in 
TTPR when 1,25-dihydroxycholecalciferol (5 μg/kg) and PHY (600 FTU/kg)were 
supplemented to a diet containing 3% Ca and 0.33% fed to hens 24 to 32 weeks of age.  
Significant differences in hen weight were observed at the start of the experiment 
and during the last six weeks of the experiment (Table 4.3). Hens fed diets supplemented 
with PHY or D3 were significantly (P ≤ 0.05) lighter than those fed the positive control 
diet. Hens fed the positive diet were significantly (P ≤ 0.05) heavier than hens fed the D3 
supplemented or the combination diet at week 8. In week 12, body weights of hens fed 
the positive control diet were significantly (P ≤ 0.05) heavier than those fed the negative 
control diets. These finding are in agreement with Snow et al. (2003), who noted a 
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significant (P ≤ 0.05) reduction in hen body weight when hens were fed diets containing 
0.10% nPP and 3.8% Ca with 1α-hydroxycholecalciferol at 10 ug/kg from 44 to 48 weeks 
of age. 
In conclusion, no additive effect in improvement of bird performance, egg quality, tibia 
ash or TTPR was observed when D3 was paired with phytase. Hens fed diets 
supplemented with phytase and/or D3 did not perform significantly (P ≤ 0.05) better than 
those fed the negative control diet. The inconclusiveness of this experiment may have 
been due to an unintentional over-supplementation of total phosphorous. 
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Table 4.1. Composition of the dietary treatments. 
Ingredients     
Positive 
Control 
Negative 
Control 
(NC) 
NC + 
Phytase 
NC + 
Vitamin D3 
NC + 
Phytase + 
Vitamin D3 
    
(%) 
Corn 
   
57.20 58.56 58.56 58.56 58.56 
DDGS1 
   
10.00 10.00 10.00 10.00 10.00 
Soybean Meal 
  
17.90 17.77 17.77 17.77 17.77 
Animal Vegetable Blend2 2.73 2.22 2.22 2.22 2.22 
Salt 
   
0.33 0.33 0.33 0.33 0.33 
DL-Methionine3 
  
0.11 0.11 0.11 0.11 0.11 
Bio-Lys3 
  
0.08 0.08 0.08 0.08 0.08 
Bone Builder4 
  
4.59 5.17 5.17 5.17 5.17 
Limestone4 
  
4.59 5.17 5.17 5.17 5.17 
Dicalcium Phosphate 
 
1.87 0.00 0.00 0.00 0.00 
Choline chloride 
  
0.10 0.10 0.10 0.10 0.10 
Poultry VTM 885,6 
  
0.50 0.50 0.50 0.50 0.50 
         Phytase (FTU/kg) 
  
------- ------- 300 ------- 300 
Cholecalciferol (IU/kg) ------- ------- ------- 7500 7500 
Calculated composition 
     Crude protein  
  
16.20 16.25 16.25 16.25 16.25 
ME, kcal/kg 
  
2,844 2,844 2,844 2,844 2,844 
Ca 
   
4.00 4.00 4.00 4.00 4.00 
Total P 
   
0.72 0.34 0.34 0.34 0.34 
Nonphytate P (nPP) 
 
0.46 0.12 0.12 0.12 0.12 
Analyzed composition 
      Total P 
   
0.90 0.53 0.56 0.51 0.54 
1 Manufactured by Lincolnway Energy, Nevada, IA. 
2 Manufactured by Feed Energy Company, Des Moines, IA. 
3 Manufactured by Evonik Degussa Corporation, Parsippany, NJ. 
4 Manufactured by ILC Resources, Urbandale, IA. 
5 The vitamin and mineral mix provided 2,200 IU/kg of cholecalciferol to the experimental diets. 
6 The vitamin and mineral mix provided the following (per kilogram of diet): selenium, 40 ppm; vitamin  
  A, 1,320,000 IU; vitamin D3, 440,000 ICU; vitamin E, 2,860 IU; menadione, 176 mg; vitamin B12, 1.87  
  mg; biotin, 6.6 mg; choline, 71,500 mg; folic acid, 220 mg; niacin, 6,600 mg; pantothenic acid, 1760 mg;  
  pyridoxine, 176 mg; riboflavin, 880 mg; thiamine, 220mg. 
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Table 4.2. Performance, egg quality, tibia ash and phosphorus retention of hens fed diets with various concentrations 
of vitamin D3, phytase and nPP1,2. 
Dietary levels   
Egg 
Production  
Specific 
Gravity  
Dry 
Shell 
Weight 
Shell 
Thickness  
Feed    
 Intake4 
Fat-Free  
Tibia Ash5 
Phosphorus 
Retention nPP D33  Phytase   
(%) (IU/kg) (FTU/kg) 
 
(%) 
 
(g) (mm) (g/h/d) (g/tibia) (%) (%) 
0.46 0 0 
 
90.65 1.074 5.483 0.036 112a 2.403 60.53 31.78a 
0.12 0 0 
 
92.79 1.074 5.390 0.036 108b 2.216 59.69 35.72a 
0.12 0 300 
 
92.88 1.076 5.423 0.036 107b 2.235 61.26 33.60a 
0.12 7500 0 
 
91.24 1.075 5.559 0.037 107b 2.126 59.47 10.98b 
0.12 7500 300 
 
88.95 1.075 5.527 0.036 104b 2.222 60.35 17.65b 
            ANOVA 
   
Probabilities  
            Treatments 
  
0.0938 0.1582 0.5153 0.2701 0.0098 0.1829 0.708 < 0.0001 
Treatments x time 
  
0.4832 0.9405 0.7598 0.5987 0.0515 -------- -------- ----------- 
a-b Values within a column with no common superscript are significantly different (P < 0.05). 
1 Nonphytate phosphrous 
2 Data are means of eight replicate groups of 6 42-week-old hens per treatment during the 12 week period; average initial weight 1.563g. 
3 Cholecalciferol 
4 Initial body weight was used as a covariate in the statistical model. 
5 Data are means of eight replicate groups of 2 42-week-old hens per treatment. 
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Table 4.3. Body weights of hens fed diets with various concentrations of  
vitamin D3, phytase and nPP1,2. 
Dietary levels   Overall 
Hen 
Weight4 
  Hen Weight by week 
nPP D33  Phytase     0 44 84 124 
(%) (IU/kg) (FTU/kg) 
 
(kg) 
 
(kg) 
0.46 0 0 
 
1.598a 
 
1.577ab 1.571 1.605a 1.638a 
0.12 0 0 
 
1.566ab 
 
1.599a 1.542 1.587ab 1.557b 
0.12 0 300 
 
1.563b 
 
1.537b 1.536 1.559abc 1.579b 
0.12 7500 0 
 
1.552b 
 
1.576ab 1.533 1.552bc 1.545b 
0.12 7500 300 
 
1.535b 
 
1.608a 1.506 1.515c 1.539b 
          ANOVA 
   
Probabilities 
          Treatments 
  
0.0096 
     Treatments x time 
    
0.0007 0.0637 0.0118 0.0071 
a-c Values within a column with no common superscript are significantly different (P < 0.05). 
1 Nonphytate phosphrous 
2 Data are means of eight replicate groups of 6 42-week-old hens per treatment during the 12   
  week period; average initial weight 1.563g. 
3 Cholecalciferol 
4 Initial body weight was used as a covariate in the statistical model. 
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CHAPTER 5. GENERAL CONCLUSIONS 
The hypothesis for this thesis, based on previous work, was the supplementation of high 
concentrations of cholecalciferol will increase phosphorus absorption from the gastro-
intestinal tract, thereby increasing phosphorus utilization in the body.  This increase in 
phosphorus utilization will provide another tool for commercial producers to minimize 
environmental impact of egg production. 
The objective of the thesis was to evaluate the effects of feeding high concentrations of 
cholecalciferol and phytase on broiler chicks and laying hens fed various concentrations 
of nPP on bird performance, tibia ash and total tract phosphorus retention (TTPR). 
In the first two experiments, the supplementation of higher concentrations of D3 to boiler 
diets was able to effectively improve TTRP, although this was not confirmed in both 
experiments, and was not effective in improving performance in either study. 
Performance improved significantly (P ≤ 0.05) as dietary nPP rose. Phytase 
supplementation increased performance in the chicks, while the combination of the two, 
PHY and D3, did not perform significantly better than the PHY supplemented diet. In 
these studies, high concentrations of dietary cholecalciferol were not an effective 
substitute for inorganic phosphorus supplementation. More research is needed to fully 
understand vitamin D3 potential in phosphorus utilization in broiler chicks as there were 
inconsistencies between the two experiments.  
In experiment three, no additive effect in improvement of bird performance, egg quality, 
tibia ash or TTPR was observed when D3 was paired with phytase. Hens fed diets 
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supplemented with phytase and/or D3 did not perform significantly (P ≤ 0.05) better than 
those fed the negative control diet. The inconclusiveness of this experiment may have 
been due to an unintentional over-supplementation of total phosphorous. Future testing is 
recommended to further understand the potential of vitamin D3 supplemented to laying 
hens fed an inadequate available phosphorus diet.  In conclusion, cholecalciferol, in these 
studies, was not a suitable substitute for inorganic phosphorus supplementation in both 
broiler and layer diets. 
Future directions 
 The results if these three experiments differ from conclusions found in the 
literature, thus repeated studies with/without modifications should be conducted. A 
broiler study could be conducted to determine the effects of supplementing high 
concentrations of cholecalciferol on bird performance, tibia ash and phosphorus retention. 
The hypothesis for this study could be the supplementation of high concentrations of 
cholecalciferol will improve performance, tibia ash and phosphorus retention by 
increasing phosphorus utilization through increased phosphorus absorption. A 3 x 4 
factorial in a completely randomized design could be implemented with three 
concentrations of nPP (0.10, 0.20, and 0.35%) with four concentrations of cholecalciferol 
(0, 2,500, 5,000 and 7,500 IU/kg) as dietary treatments fed from day 1 to 21. These 
values, based on the work from this thesis, would allow for further determination of the 
cholecalciferol threshold level of the chick, as in, supplementation of cholecalciferol pass 
this level would have no additive effect on performance or tibia ash of the chick. A 
different vitamin premix with a low availability of cholecalciferol should be utilized to 
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prevent oversaturation of cholecalciferol to the body. The laying hen study presented in 
this thesis should be repeated with the same hypothesis and objectives and care should be 
taken to prevent over-supplementation of total phosphorus.  
 
 
